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Q) Bilithic composite for optoelectronic integration. 
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0 Optoelectronic composite consisting of two chips, the first chip (10) being made of a first material, the 
second one (13) being made of another material. The first chip (10), for example, comprises a multiplicity of 
active optoelectronic devices e.g. a laser diode (11) and a photo diode (12), all being monolithically integrated. A 
multiplicity of other optical devices, e.g. a waveguide (16), is monolithically integrated on the second chip (13). In 
addition this second chip (13) has depressions of the size of the devices (11, 12) integrated on said first chip 
(10). These devices and the waveguide (16) of the second chip (13) are automatically aligned when flipping both 
chips together. 
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TECHNICAL FIELD 



Disclosed are structures for passive alignment of optoelectronic components made in one materials 
system wrth other components made in one or more dissimilar materials systems. 

BACKGROUND OF THE INVENTION 

s t art ^! ar t t0 th T ^r^ 9 Packa 9 in 9 densit V in the "eld of conventional semiconductor devices which 
» T^TJTJ 9 ,f deViCeS ' 35 e - 9 - di0d8S and t™sistors, and has now reached a potn where 

10 thousands of very small components are three-dimensionally integrated on one chip the integration Z 
optoelectronic components becomes more and more important. The trend in o^c^^TJs 
mtegration of acfve optoelectronic devices, passive optical waveguide devices and funeral optical 
waveguide dev.ces to form complete optoelectronic units such as ior example optica, heads fo op ca 
d,sks, optica. mult,/demu.tip.exers, and circuits for optical computers. Through the opLfectronic inteoSon 
75 a more compact, stable, and functional optical system can be achieved °P">eiectron.c integration, 

OptoElectronic Integrated Circuits (OEICs), also known as Optical Integrated Circuits (OICs) are divided 
■nto two main types from the standpoint of materials. When all components of the circuit are integrated Ta 
single substrate such as Si, GaAs or InP, the type of integration is called mono ^^ithTc oZetctronic 
S0 oSTlT^ V y H PiCal T n °' ithiC ^grated circuit with GaAs teer Ttl^aZ 

monoS TJ- T 9 t 6 H ? ' GaAS SUbStrate 5 With P ' anar Wave 9 uide * is ^own in Figure 1 a) TypS 
monohthically .ntegrated lasers and other components are described in the article ^teorated Oo tics 
Approach for Advanced Semiconductor Lasers", of Y. Suematsu et al.. Proceedings of the lEEE^ Vol 75 
No. 11. November 1987. pp. 1472 - 1487. Other examples for the monolithic integration of GaAs 
components on a S. substrate are given in the US Patents No. 4.890.895. and 4.774 205 inte9rat '° n 
25 When the components are made of different materials and then bonded together this is called a hvbrid 
op oebctron,c , ntegrated circuit For example, in a hybrid optica. IC, as illustrated in Figure 1 b) laser diode 
3 .s made of alummum gallium arsenide (AIGaAs), the detector-diode 4 of silicon (SH and the otnar 
wavegu.de 2. grown on substrate 1, of lithium niobate (LiNbOa) P 

™ *h» nl h r f 0U9h m ° noiithic ,- t yP e 0EIC ^ ideal as an OEIC. implementation is very difficult at present While 
Ta^lToL *™ n ° mca "v inteQrated components on Si substrates, see ufpSrt^? 

sSates Since %p?c?0 C E°,crZ tS J"? ™* *" qUa " ty ° f th ° Se fabricated usin ° GaAs 

m a w 3 .it J VP l C ° nS,St 0f a number of different optical components no one substrate 

matenal w.ll be optimum for all of them. Thus, a compromise must be made substrate 

3S assemb.inn'Jn'fhi^ 8, ^ ^ 0ther ^ iS re ' atively easy t0 fabricate - but there is a problem with 
^Z^^S^TT^/^^ 3nd aK9nment of these components is time consumTg 
expensive. Nevertheless, the hybr.d optoelectronic ICs have the great advantage in that what are currentlv 
the most approbate materials and processing techniques for each device can be utilized Because of Zll 
advantages hybrid integrated electronic circuits will be subject of l^^^^'J^^ST 
D.fferent hybnd optoelectronic packages are known in the art, where one or mor oXaiZT^UsZe 
S o ^ ° ptoelectror,ic component or waveguide. A silicon chip coupHnB^^?rS£5 on n 

the artic.e "Permanent Attachment of Single-Mode Fiber Arrays to Waveguides", oTeTm^ZTbI See 

deS ^ely 9 ETMuro e hv Ttf' 1°'' ^ ^ *' ^ ^ PP " 795 ' 798 " ^ c on epL 
Sfm h f5 P V ' b3Sed ° n a s,licon chi P havin 9 V-grooves for mounting a bundle of paralle 

.5 SSZ^^hT^ t faC . e H S ° f th6Se ,ib6rS 3re bUtt - COUpled to a subsfrate wt tveg'uides 
r!1??a ! H Kaufmann et al. describe in their article "Self-Adjusted Permanent Attachment o 
F£ers to GaAs Wavegu.de Components", published June 1986 in E.ectronics Letters, Vol 22 No 1 2 pp 
642 - 644. an al.gnment scheme for aligning optical fibers to a GaAs chip. This alignment scheme ca ledT 
groove fl.p-ch ip mounting technique, is characterized in that two fibers and the GaAs cS are mounted L * 

50 ZT ^ V - 9r ° OVe ' ^ aH9nment bei " 9 3Chieved by ™^ «» fiberrtow^ds the Z ^t^- 

r P ^?I Pr i Ci M e c I 0 ' aH9nment ° f waveQ ^es and/or fibers to optoelectronic components is 

igh ^ emitt no d ode IeoTTs bl'd 3 " °p"-ectronic componen ,Tg 

9 ° de (LED)> IS bonded ,n a recessed part of a substrate such that its liqht emittino facet * 

55 ^^XT^^^T? ° n th R iS SUbStrate - the - iCle -MUHI-V^S^^X* 

55 or t.K. Mint et al., IBM Technical Disclosure Bulletin, Vol. 31, No 10 March 1989 nn w o k k J 

package is disclosed comprising fibers carried by a silicon -Sn^f^.^^i^ 
ahgnments grooves are formed in the top surface of the laser array which has to be coupled to he arrav o 
fibers, and ■„ the alignment fixture. This package a.iows self-alignment of an array o lasLrs to an Z J 2 



BMQnnr.irv ^pp n^n^inAi r ^ 
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fibers. Another passive alignment scheme is described in the publication "Passive Coupling of InGaAsP/lnP 
Laser Array and Singlemode Fibers using Silicon Waferboard", of C.A. Armiento et a!., Electronics Letters, 
Vol. 27, No. 12, June 1991, pp. 1109 - 1111. A laser array is aligned to an array of fibers by providing for 
an integration platform with alignment pedestals and standoffs on a substrate with V-grooves in which the 
5 fibers are situated. 

Some disadvantages of the different hybrid alignment schemes cited above are their cost and time 
intensive manufacturing and the non-efficient coupling. Another disadvantage is the difficult handling of the 
small components like lasers and other diodes which have to be precisely bonded to the substrate. The 
alignment problems are not known in the area of monolithically integrated circuits because the active-, 
10 passive-, and functional waveguide- devices are automatically aligned by using special photolithographic 
masks, with the drawback on the other hand, that all different components have to be made out of the same 
material. 

These known approaches do not allow for an efficient integration of multiple components, waveguides 
and fibers. No prior art is known, relating to simultaneous and self-adjusting alignment schemes for hybrid 
75 integration of multiple active optoelectronic devices, functional optical waveguide devices, and passive 
optical waveguide devices. 

SUMMARY OF THE INVENTION 

20 The object of this invention is to provide a method for hybrid integration of optoelectronic components 
such as active optoelectronic devices, passive optical waveguide devices, and functional optical waveguide 
devices. 

Another object of this invention is to provide a structure for hybrid integration of optoelectronic 
components such as active optoelectronic devices, passive optical waveguide devices, and functional 
25 optical waveguide devices. 

A further object of the present invention is to improve the performance and reliability of optoelectronic 
integrated circuits OEICs, by making the respective components using materials systems which are well 
suited. 

Another object of the present invention is to provide an alignment scheme which allows for automatic 
30 alignment of multiple components at the same time thus leading to complex and very reliable highly 
integrated circuits. 

Another object is to improve the overall yield of a complex opto-electronic system by making the 
different types of devices on separate substrates and bonding together only those good ones from each 

type. 

35 The invention as described and claimed is intended to meet these objectives and to remedy the 
remaining deficiencies of known monolithic and hybrid optoelectronic integrated circuits. The principle by 
which this is accomplished is to provide for a bilithic composite having a first substrate with components 
made of a first material, and a second substrate with components made of another material, the 
components being located on these substrates such that they are automatically aligned when flipping both 

40 substrates together. 

DESCRIPTION OF THE DRAWINGS 

The invention is described in detail below with reference to the following drawings which are schematic 
45 and not drawn to scale, while more particularly the thickness of cross-sectional shown parts and semicon- 
ductor layers are exaggerated for the sake of clarity. 
FIG. 1 

a) is a monolithic GaAs optoelectronic integrated circuit (OEIC) with laser- and photo- 
diodes integrated on the same substrate. (Prior Art) 
50 b) is a hybrid optoelectronic integrated circuit (OEIC) with AlGaAs laser diode and Si 

photodiode butt-coupled to a LiNb03 substrate with waveguide. (Prior Art) 
FIG. 2 is a bilithic composite, in accordance with the present invention consisting of two different 
chips, the upper one with integrated laser diode and photodiode, the lower one with an 
integrated waveguide and two depressions which have the size of the laser and photo-diode 
55 of the upper chip. 

FIG. 3 is a perspective view of the composite shown in Figure 2. 

FIG. 4 shows schematic sketches of alignment means in accordance with the present invention. 
FIG. 5 is a schematic view of alignment means in accordance with the present invention. 
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FIG. 6 
FIG. 7 
FIG. 8 
FIG. 9 
FIG. 10 
FIG. 11 

FIG. 12 



shows both chips of a composite, in accordance with the present invention 
shows detailed sketches of Figure 6. '"vennon. 

is' a cSr^l! ft 0 " 9 ? 3 C ° mP0Site 10 aCcordance the present invention, 
s a " ^ ? 3 C ° mPOSite 10 accordance wf th the present invention, 
s a Zss seZVT U V acCOrdance the present invention, 

with ^ ° Pt0e,eCtr0niC «-"»ng a composite in accordance 

is a detailed cross-section through a composite in accordance with the present invention. 



io GENERAL DESCRIPTION 

speJaT;at ri :rrch e ca e n Z^Z^T™ -me o, them requiring 

integration of c^^^^^^l T * COmposites - The al.ows for an 

« as we., as active i^^TZ^ST^ * m *? on ' CaPadt ° rS ' r6SiStances ete - 

conventional components Te n^t descl^ n ,T ^ fUnCti ° na ' ° ptical ^vegoide devices. The 

n. n,c. M llSted in Tables 1 . 3 wjthQut the guarantee Qf c P omp)ete a n V ;9 s U,de devices - Some of these compo- 

«j™t:^:™ss^-^ *t r° cha «~ * optica. ^ , e 

op„cal beam d.viders polarizer f ZveZl ln » ? ^ ° PtiCa ' Path bendina exponents. 
■ * S . .ncapab* of .ight gene atL Z auT ,tn f ^ "* S ° ^ Passive mate "- 

. .hum .anta.ate (UTaoI), S^STg.^ ' P ° taSSiUm (KNb ° 3) - 

tantalum pcn.oxide (Ta 2 0 5 ), niobium pentoxide fNh n 7 ( I 3> 1 arSen ' C Se,enide (As2Sea > ■ 

su.ph.dc (2nS). calcite (CaC0 3 ) e Zv S inn ? n '° bate (TiNb ° 3) ' SiliCOn (Si) ' 2inc 

opt.cal waveguide dev ces The dass SS* ? f ^ USed f ° r the fabrication <* these passive 

Table 1 



Passive Optical 



Component 
Prism 



Goedesic Component 
Facet mirror 
Ridge 
Reflection type grating 
Bent waveguide 
Power divider 
Polarizer 



Waveguide Devices 

Material/Class of Materials 
SiQ 2 , LiNbQ 3 , glass, ZnS, Epoxy 
ZnS ( Epoxy 

Si, glass, TiNb0 3l ZnS, Epoxy 
Si 

As 2 S 3 , LiNbOs 

SiQ 2 , LiNbQ 3 , g lass, ZnS, Epox7 
SiQ 2 , LiNbQ 3 , glass. ZnS, Epoxy 
UNb0 3 , CaC0 3 , Nb 2 0 5 



Wavelength Mu ltiplexer/Demultiplexer 
Waveguide lens 
Focusing grating coupler 



As 2 S 3 , Ta 2 0 5 
UNbOa, As 2 S 3 ( Ta 2 0 5 , ZnS, Nb 2 C% 
glass, LiNbOs 



a... rvicfaraw H.ll Optical And Electroopt,cal Engineering Series, McGraw-Hill Book 
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Company, 1987, Chapter 9. 

Typical functional optical waveguide devices are listed in Table 2. To date, a variety of these devices 
have been proposed and fabricated. In all of them the light is essentially controlled via physical phenomena. 
These phenomena are based on ElectroOptic (EO), AcoustoOptic (AO), Magneto Optic (MO), Nonlinear- 
5 Optic (NO), and ThermoOptic (TO) effects. Electrooptic waveguide devices which employ the electrooptic 
effect are well known in the art, most of them being realized using LiNb03 substrates with Ti diffused 
waveguides. Some examples are given in Table 2. 

Acoustooptic devices, based on the acoustooptic effect, provide an important means of optical wave 
control and implements various functional devices. The AO devices are classified by their coupling 
70 configuration in collinear and coplanar devices. They can be further classified by their material combination. 
Exemplary combinations are: 

• piezoelectric waveguide and substrate with Ti:LiNb03 transducer; 

• non-piezoelectric film waveguide (e.g. AS2S3) on piezoelectric substrate (e.g. LiNbOs) with LiNb03 
transducer; 

75 * piezoelectric film waveguide (e.g. ZnO) on non-piezoelectric substrate (e.g. Si0 2 ) with ZnO trans- 
ducer; 

• non-piezoelectric substrate (e.g. SiOs/Si) and non-piezoelectric waveguide (e.g. AS2S3) with thin 
piezoelectric ZnO transducer. 

Some exemplary AO devices are listed in Table 2. Typical Thin-Film AO devices are reported on in the 

20 article "Thin-Film Acoustooptic Devices", of E.G.H. Lean et al., Proceedings of the IEEE, Vol. 64, No. 5. 
May 1976, pp. 779 - 787. The properties of materials used for Acoustooptic AO and Electrooptic EO 
devices are listed in Table 1 on page 785 of the above cited article written by E.G.H. Lean. 

Waveguide magnetooptic devices are implemented by using a waveguide of YIG (Y3FesOi2), which is a 
magnetic material that is transparent in the near infrared region. The large Faraday effect, induced in this 

25 material with a magnetic field that is produced by a small current, allows relatively fast optical modulation 
and switching with low driving power, thus being very important for future hybrid OEICs. Examples of 
waveguide MO devices are given in Table 2. 

The effect of non-linearity is used in nonlinear optical devices. These devices are also called optical 
bistable devices. Examples are given in Table 2. 

30 Functional optical waveguide devices employing the thermooptic effect, are based on the fact that the 
refractive index varies with the temperature. A stable thermooptic effect is obtained only in the materials 
without deformation or any change in quality caused by a temperature increase. In other words, a 
requirement for the TO waveguide device is that the temperature for the waveguide formation is much 
higher than the operating temperature of the device. There are many waveguide materials that meet this 

35 requirement. Glass waveguides in particular are the most interesting of the TO devices. This is why the 
thermooptic effect can provide the functions of light modulation and switching in glass waveguides, which 
have been used to date for passive optical waveguide devices only. Examples of TO waveguide devices are 
given in Table 2. 

40 



45 
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Table 2: Functional Optical Waveguide Devices 



Component 



Phase modulator 



Material/Class of Materials 



LiNbO. 



Polarization 
modulator 



LiNb0 3 , GaAs, InP 



Interferometric 

waveguide modulator I LiNbO. 



Optical wavelength 
filter 



Optical switch 



Bra 99 grating 



Mode converter 



Tunable wavelength 
filter 



Bragg modulator 



Bragg deflector 



Mode-conversion 
type switch 



Mode conversion 
type modulator 



LiNbO. 



UNb0 3 , LiTaO,, InP 



LiNbO. 



LiNb0 3 , glass, ZnO 



LiNbO,, ZnO 



Ta 2 0 5( As 2 S 3 , LiNbO, 



LiNbO. 



YIG, GGG 



Basic phenomenon 



EO 



EO 



EO 



EO 



EO 



EO 



AO 



AO 



AO 



AO 



YIG (Y 3 Fe 5 O t2 ), GGG (Gd 3 Ga 5 0 12 ) MO 



MO 



50 



55 
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Table 2: 


Functional Optical Waveguide Devices 


Component 


Material/Class of Materials 


Basic phenomenon 


Optical isolator 


YIG, GGG, LiNbQ 3 


MO 


ft a. A 

Fabry-Perot resonator 


KTP 


NO 


2 nd harmonic 
generation 


LiNb0 3 , Polymers, KNb0 3 


NO 


Bistable optical 
switch 


ZnS, ZnSe 


NO 


Cut-off switch 


glass 


TO 


branching waveguide 
switch 


glass 


TO 



Typical functional optical waveguide devices are described in the already cited book of H. Nishihara. 
The nonlinear Fabry-Perot Resonator is reported on in the special issue of Journal of Quantum Electronics 
on Optical Bistability, edited by E. Garmire, October 1985. In another article, titled "Optical Bistability 
without Optical Feedback and Absorption-Related Nonlinearities", the same author describes means for 
obtaining optical bistability employing ZnSe waveguides. This article is published in the book "Laser Optics 
of Condensed Matter", edited by J.L Birman et al., Plenum Press, New York and London, pp. 481 - 490. 
Another article relating to nonlinear optics, (NO), in particular LiNbOs thin-film optical waveguides applica- 
tions to 2 nd harmonic generation, has been published in Journal of Applied Physics, Vol. 70, No. 5, 
September 1991, pp. 2536 - 2541 by H. Tamada et aL The title of this article is; "LiNbOa Thin-Film Optical 
Waveguide Grown by Liquid Phase Epitaxy and its Application to Second-Harmonic Generation". 

Some examples for active electrooptical devices are; laser diodes, photodiodes light emitting diodes 
(LEDs), solar cells and so forth. The great flexibility of the present invention can be seen by integrating the 
new developed microlasers, which emit light perpendicular to the surface of the wafer, instead of 
conventional diode lasers. These microlasers are reported on in the article "Microlasers", J.L. Jewell et al., 
Scientific American, November 1991, pp. 56 - 62. 

The active electrooptical devices are fabricated on active materials which are capable of light genera- 
tion, such as gallium arsenide (GaAs), gallium aluminum arsenide (GaAIAs), gallium arsenide phosphide 
(GaAsP), gallium indium arsenide (GalnAs) and other lll-V and ll-VI direct bandgap semiconductors. The 
disadvantage of these materials is that they are not optimum for the integration of the passive optical and 
functional optical waveguide devices. Typical active electrooptical devices are listed in following Table 3. 
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Table 3 



Active Electrooptical Devices 



Component 
Laser diode 
Microlaser diode 



Light emitting diode 
PIN photodetector 



Material/Class of Materials 

GaA s. InP, lll-V, ll-VI semiconductors 
GaAs 



GaAs, InP, lll-V, ||-V | semiconductors 
GaAIAs, lll-V semiconductors 



of a first material, e.g. m^.S^Z^Tn t ° **" W 13 ' the Upper one bei "9 ™<*e 
e.g. a passive material like UNboT Tw^ J2L^£lr ^ T™* 0 ™ ^ made of a second •"«*'■«. 
are fabricated on this first chip 10 ^^^ I ^ST?Ji? W ? 0aS - 3 ^ 11 and 3 Ph ° ,0di ° de 12 
waveguide 16 being made by Ti dffi2?Si? Vh ,? P 7 3 PaSS ' Ve ° PtiCa ' deviCe ' a Y - sha P ed 
size of the components 11 and 12 hlnn 1 1 h SUbstrate " and **> depressions 14, 15 which have the 

and 15 on chip 13 an the aT Q nmen ^71^ ™ *" *"* Ch ' P 1 °" The P ° Sition of the depressions 14 
by the .ithographic n^S^£££Z£% ^HT** ? WaVeQU,de 16 * ^ 
13 form a composite when flipped f ^^^^ ^^' P ' ^ ^ we3 -^ (M P 8 '0 ^ 

automatically aligned. In the first %£*££%L^J^ IZ^nsXvZr*"- **" "* 
15 on the opposite side servp a? a \m n ^ nt t aevices 11 and 12, and the depressions 14 and 

further serve as rnlo^nlc^Zn^^Zn ' th * b0th ChipS int0 an °P timum They 

may be mounted o m ting Tse 7n TmeL, hn° mp ° S,te ' COnsistin 9 « *"> chips being joined together" 
for thermal he f transfer between ^ «^ « IS^TS^^ * <P * 8 ^ ^ 

Important features of the present invention are- 

" lompon'ers- 6 P6rmanent a,i9nmen, ° f the com P"««» * °"e chip re.ative to the other 

" co h mpo«^^ ° PtiCal - ^ -other embodiment, electronic 

respective components (not £dC£ ^S^C^ '° SSeS ^ ^ ^ ^ 

be se.ected by testing thenar Sj^Sn^T^ ^ ^ "*» Ca " 

" SS^v^ldfc^ a^Tun^ro^T' 00 ^ e ' eCtr00PtiCal devi -' P-v 

could be flipped onto a ILVZcZo I iT?*™* ^ e * 3 LiNb0 ° chi P 

- The active electrooptic dete pa^ S i T T"' (N0) dev ' Ces with lasers = 

S^KVE, PS*™' Cm Ce USi " 9 ««« «**-• « one „, 3 n m e„, 

' ^fv.'ry"S: r Z aS " S h " i2 ° n,a ' a " 0n ™ n ' IS deSn ' d «•»**». « is 

8 



■» 
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reducing the coupling efficiency between the components. The maximum allowable temperature raise can 
be estimated using the following equation: 



AT = Al 



I |T C e,-Tce 2 I 



0) 



10 wherein T C e are the temperature coefficients of the substrates 1 and 2, I is the length of the overlap 
between the chips, and Al is the maximum alignment tolerance. For instance in a composite of a Si chip 

(T CEi = 2,6 x 10 6 ) 

75 

and a GaAs chip 



(T CE? = 6,86x 10- 6 ), 

20 

both chips being square chips with a length of I = 0,01m, and with a maximum alignment tolerance of 0,1 
am (which is quite aggressive), the allowable AT is about 2 • C. This AT is quite simple to achieve with 
conventional Peltier coolers for example. A list of temperature coefficients is given in Table 4. More details 
about these materials can be taken from the books "Zahlenwerte und Funktionen aus Physik, Chemie. 
25 Astronomie, Geophysik, Technik", of Landolt and Bornstein, 6th edition, II volume, part 1, and "Zahlenwerte 
und Funktionen aus Naturwissenschaften and Technik", of Landolt und Bornstein, new series, group III, 
Springer-Verlag Berlin, Heidelberg 1984. 



Table 4 



30 



35 



40 



45 



50 



Temperature Coefficients of Thermal Expansion 


Material 


TceCC" 1 ] 


GaAs 


6,86 x 10" 6 


Si 


2,6 x 10" s 


Si0 2 


0,5 x 10~ 6 


InP 


4,75 x 10" 6 


LiNbOa 


4 x 10" 6 


CaC0 3 


21 x 10" 6 


ZnO 


6 x 10" 6 


GaP 


4,65 x 10" 6 


BaTi0 3 


1,9 x 10 -5 


As 2 S 3 


2,4 x 10 -5 


ZnS 


6,9 x 10 -6 


glass 


see literature (-3x 10 -6 ) 



With the employment of different alignment means it is possible to achieve vertical and horizontal 
alignment as well as mechanical alignment of the chips being part of the inventive composites. Some 
exemplary alignment means are illustrated in Figure 4. An electro-plated pillar 42, grown on top of a plating 
base 43, and a depression 41.1 on the opposite side, see Figure 4 a), can be employed to align upper chip 
40 relative to lower chip 41. Electro-plated pillars and similar means are well suited because of the high 
aspect ratio (aspect ratio: height / width) that can be achieved. Chip 44, shown in Figure 4 b), has a ridge 47 
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40 



45 



50 



55 



ridge are dry-etched su^h S^ot^S?, , *H" 45 t09ether - The Side walls of this 

the alignment of c^^^^ISl^^^ *" .*? Chip ' S surtaces ' Simil - ^Qnment means for 
5 ridge 51 and depression 50 are we^tcS th ^7 ^ the ° n ' y differe ^e that the side walls of 
and' in addition SJ^^^^^anJ^T ST ? ^ d) ° f ^ 4 » 6n * 8 35 fiber holder 
situated in V-shaped gJ^Uel^ 52and 53 ' 53 * ^ ^ ^ T ° achte " this ' fiber 54 * 

The cross-sections of possible aliqnment means ar<=> iiin^r^H :~ c> 
these means on a chip. An example is il.ust ated in F^ure 5 ^ te K'U' ^ "T^. t0 P,aCe 

to two depressions 56 and 57 The deoression h~ - ? , T P V ' eW ° f a ch,p 55 which has 

shape. The upper chip wh ch haf to be JLl » ° Ctan 9 u,ar the depression 57 a quadratic 

alignment means 5 U 58 3 w th ^2 cross 1° ^ *? * n0t Sh ° W " in ,his °^ 
means 58.1 - 58 3 eo mefai bal T J ' TOSS - Se f ons are schematically illustrated. These alignment 

Alignment means ^8 f dete 2 position of thl" V"' 0 ^ depreSsions 56 and 57 of chip 55. 

« rotational movements around an axis pa Si to £ ,2? ^ * ^ but does a,low 

parallel to the y-axis for examL Tinea! moll ♦ All 9"™"t means 58.1 allows linear movements 

but prevents roUnal™^ *» «te. 

guided by a depression on the opposite chto TSZlJ ♦ ^ *' ° f ba " 5a3, which is not 

movements in the x-y p,ane. D^eTc^^ 35 ™» as 

'o addition to these aliqnment means the ^ 7 alignment means are conceivable. In 

°P^te chip, to a.ign^ch^ P'- d Sessions of the 

^Ct^?jisr is 7 d r ribed beiow with * e. 

chip 64. The upper Jpm^^^^?t ^ V™* tW ° m39nified P ers P ec «ve sketches of 
s etched mirrors and f ££cS2 4xf ooLal t P Tw?^ ° U ^ nP/,nGaAsP laSer di ° des 621 " 624 ^ 
functional waveguide dev.* ^^^^^ ^2^ ■** T'^ '» ™ 
in the refractive index More details of t hit ? u 9 Carner mject,on tnus causin 9 a ch *"9e 

switches, is reported on in the pub cation -nSJTT 7« Ch - wh,ch ma * be "Ptaoed by other types of 
Siemens AG, Geschateaebie OfS £L v „1 Configuration Module. Optical Switch", issued by 
> Germany. O l ^!^^^^^^ , y^T B - PoStfach 70 00 8000 Munich 7 0 " 
60. These pads are coveted™ '^^T^T^^^ ^ ^ ^ 
interconnection ports to other circuits power sudd \7J ryl h'h- ****** prov,de for Metrical 
conducting paths are only schematica.ly shown ^ P3dS 63 Snd the res P ective 

th^^.X « 8 cSn U^bS" £ JET ChiP 60 ^ ' eft POrt0 " ° f " whe " *PP«"B 

optical switch 61. are depres^ ^ons 6bT RR ? h^ 0 ?" 8 S ' de ° f the ,aser diodes 621 " 62 4 and the 
Chip 64 further o^^£^^^£^^ J- *J oj these active device, 

shown in Figure 7 a) in form of a mann fL I P ? 9r ?° V6 72 With ° ptiCal fiber 69 " 1 is schematically 
shaped groove 72 is etchedTnto the LiNbO t S?f SketCh " AS be See " from this F >^- * V- 
the Ti diffused LiNb0 3 w^ Ts Sh?^ t 8UC 5 ** ^ e " d faC6t ° f this 9 roove i» -igned to 
in particular Ti:LiNbO ^^^^ JTS! ^ T'T™ ° f ° ptiCal guides, 

Nishihara et al.. McGraw-HM? 0^ InH pi IT ? f ° f * he ^ "° ptical lnt egrated Circuits", of H. 
Another fabrication SSZ o^ T LiNbO wfven ? En9ineerin 9 Series ^ ^cGraw-HiH Book Company. 

of Waveguide Devi ces " B Fan et il Bl\7 Techn icat S artide " LaSer M^ro-Fabrication 

150 - 152. 8l - BM Technical Disclosure Bulletin, Vol. 31, No. 11, April 1989, pp. 

op^'SSi'Sn an UticaTcelr Th e e2 iLT"* * MS *° 73 3 " d « *• 

coupling efficiency is quL good ^i^Z^^ aUVle m ^ ,n the art and their 

.nGaAsP/lnP Laser Array and S^cSJ^^SS ! S r3d" T ■ "T" C ° UP,in9 ° f 
ics Letters, Vol. 27, No 12 June 1991 m uno waferboard , C.A. Armiento et al., Electron- 

in Ih. book -Optical Imoorroo c»m«?Th S'I k ' 1° inte 9'»»o on chip 64, is described 
E n 9 ,„.e,i„ 9 SeL, McS til "SS b^p^cSpW 9 '^fr* 1 :' ° Pto ' ^ EI ~"°o»-' 
.»»e 9u ,d., „„n r .,e„„ce n um b. r a „d ^^00^.^. » A £££ 
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laser diode 62.4 travels through waveguide branch 76.1, passes the •knee' 77, and leaves the waveguide 
directional coupler 68.4 at branch 76.2. A lightwave arriving at the opposite side, at branch 76.2, and having 
the power Pi , is to a great amount coupled into the second waveguide 75, where it is fed to fiber 69.4. The 
power ?2 of this lightwave, being coupled into waveguide 75, is smaller than Pi . The remaining portion of 

s the lightwave, not being coupled into waveguide 75, has the power P3 = Pi - P2 . To prevent optical 
feedback to the laser diodes 62.1 - 62.4, which may cause damage of these diodes, optical isolators 67.1 - 
67.4 are inserted between the waveguide directional couplers 68.1 - 68.4 and these diodes. 

The optical isolators, as for example described in chapter 10 of the book "Optical Integrated Circuits", 
of H. Nishihara et al., McGraw-Hill Optical And Electrooptical Engineering Series, McGraw-Hill Book 

70 Company, are comparable to an ideal diode. This optical isolator is able to guide a lightwave, which is 
inserted on the left hand side (present embodiment), to the waveguide directional coupler and the following 
optical 4x4 switch 61 with very low losses. Light arriving from a waveguide coupler at this optical isolator is 
stopped, such that no light arrives at the laser diodes. This second embodiment shows some details of how 
to implement the present invention. More exemplary details are given in Figures 8-12. 

75 Figure 8 shows a cross-section through a composite in accordance with the present invention. The 
upper chip 80, in the following referred to as 'active* chip, comprises a laser diode 85 with etched mirrors 
and a metal pillar 83 being electro-plated on top of a plating base 82. The method for making laser diodes 
with etched mirrors, as integrated on the 'active' chip 80, is disclosed in the European Patent Application 
with publication number 0 363 547, "Method for Etching Mirror Facets of lll-V Semiconductor Structures". 

20 The opposite chip 81, hereinafter referred to as 'passive 1 chip, comprises a schematically shown 
waveguide 86 and a depression 84. When flipping the 'active' and 'passive' chips together, the metal pillar 
83 fits into the depression 84 such that the light emitting facet of laser diode 85 is aligned to waveguide 86. 
This waveguide 86 has an inclined facet 87 at its end which reflects the laser beam 89 into the substrate of 
the 'passive' chip 81. Laser beam 89 is reflected at the backside 88 of this chip and leaves the chip 

25 pointing upwards. The following articles report on waveguides with inclined facet: 

- "Fabrication and Application of Beveled Structures in Optical Waveguides", M.M. Oprysko et at., IBM 
Technical Disclosure Bulletin, Vol. 32, No. 11, April 1990, pp. 305 - 307; 

- "Beveled Waveguides for Flip Chip Opto-Electronic Receivers", E. B. Flint et al., IBM Technical 
Disclosure Bulletin, Vol. 33, No. 7, December 1990, pp. 194 - 196; 

30 - "Three-Dimensional Optical Waveguide Splitter", M.M. Oprysko et al., IBM Technical Disclosure 
Bulletin, Vol. 34, No. 5, October 1991 , pp. 46 - 48. 
As can be seen from these exemplary articles, different solutions are known in the art for the 
implementation of means which reflect a beam out of a waveguide. The materials of both chips 80 and 81 
and the components integrated on these chips can be chosen as shown in Tables 1-4. 

35 Another implementation of the present invention is illustrated in Figure 9. Similar to the composite 
shown in Figure 8, the 'active' chip 90 comprises a laser diode 93 with etched mirrors. The 'passive' chip 
91 comprises a depression 92, which has the size of said laser diode 93, and a schematically shown 
waveguide 94 which is aligned to the depression 91. When flipping both chips together, as shown in Figure 
9, the laser 93 fits into depression 92 and is automatically aligned to waveguide 94. Laser beam 95, emitted 

40 by laser 93, is guided through this waveguide and coupled out of the composite. In this example, the laser 
diode 93 on one side and the depression 92 on the other side serve as alignment means. 

Another conceivable composite, its cross-section being shown in Figure 10, requires a greater distance 
between 'active* and 'passive* chips 100 and 101. Again a laser diode 104 is situated on the 'active' chip 
100. Additionally an electro-plated mirror, in particular 45 °, which is electro-plated on plating base 103.2, 

45 and a depression 109 are situated on this chip. 'Passive' chip 101 comprises a pillar 102 formed on top of a 
plating base 103.1 and a waveguide 108. This waveguide has a inclined facet at one end. A waveguide 
collimating lens 106 and a focusing grating coupler 107 are situated on top of waveguide 108. The 
waveguide lens 106 is used to collimate the waveguide mode and focusing grating coupler 107 focuses the 
light out of waveguide 108 into focus point F. Details of focusing grating coupler 107, in combination with 

50 collimating lens 106, are given in the article "Rotationally Symmetric Construction Optics for a Waveguide 
Focusing Grating', G.N. Lawrence et al., Vol. 29, No. 15, May 1990, pp. 2315 - 2319. 

Figure 1 1 shows a packaging example for an inventive composite. This composite, comprising an upper 
chip 114, which is the 'passive' one, and a lower, 'active' chip 113, is mounted on a mounting base 111. 
The whole composite is encapsulated in a metal housing 110 which has a window 118 serving as optical 

55 interconnection port. Two metal pins 112.1 and 112.2 are schematically shown, providing for an electrical 
interconnection between the composite and other circuits. The composite is connected via metal wires, one 
of them, with reference number 117, being shown in Figure 11, to said pins. A piston 116 serves as heat 
transfer bridge between the backside of chip 114 and the housing 110. This heat transfer bridge may be 

* 
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120 is flipped onto the lower one such Zt^TZ t,V6 com P onent 12 3 The upper chip 

or via a th'erma, grease.T^eta b „Tl2 STbTST^ I^T * ^ 
addition this metal bulk can be n^rt „« J ' . Serves as a heat s,nk or a "eat transfer bridge. In 
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Claims 
1. 



SEES? dree? (62 C 1 4? IS ^ ' ^ 64) °" WhiCh °" e " ™ e acti - 

functional opScaf waveguide (68 ' 1 " 6£U) ' and/or 

68.1 - 68.4) of said second chip (64) " P ^ * *• d6ViCeS (671 " 67 A - 

3 - ^srxss is * cha " o,ert2et ' in - said ,rs ' ** conste,s - •*■» 

JEtST** °' C ' alm 1 ° r 2 ' - <™ -d second chip consistt o, «h,um niota* 

6. The composite of claim 1, characterized in that at least one of said devices Oil bp i r 5 *i ~ 
male portion of said alignment means and a depression (65 m i S lf " ] S6rveS aS 
corresponding female portion. expression (65, 66.1 - 66.4) on sa.d other chip serves as 

7. The composite of claim i, characterized in that said male portion is a pillar (42- 83- in?» »nH . h 
corresponding female portion is a suitable depression (41. 1; 84; 109). } Sa ' d 

8. The composite of claim i, characterized in that said male portion is a ridoe (42- su in narti. ta 
ndge waveguide, and said corresponding fema.e portion is a suitable depression^; 5oV " ' 

9 ' ll7^otT m 7 " 8 ' Ch3raCteri2ed th3t Said male * electro-p.ated onto a plating 
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10. The composite of claim 1, characterized in that an optical fiber (54) situated in a V-shaped groove of 
said first chip (52) and an V-shaped groove of said second chip (53) serves as alignment means. 

11. The composite of claim 1, characterized in that one of said chips (60; 80; 100; 114; 120) does only 
5 partly overlap the other chip (64; 81 ; 101 ; 1 13; 121). 

12. The composite of claim 1, characterized in that at least one conventional electronic device, in particular 
a transistor or transistor circuit, is integrated onto one of said chips. 

70 13. The composite of claim 6, characterized in that said first chip (10; 60; 90) comprises at least one active 
electrooptical device, in particular a laser diode (11; 62.1 - 62.4; 93), and said second chip (13; 64; 91) 
comprises at least one passive optical waveguide device, in particular a waveguide (16; 73; 94), said 
active electrooptical device serving as male portion of said alignment means, and a depression (14; 
66.1 - 66.4; 92) having the size of said active electrooptical device serving as corresponding female 

75 portion, such that said passive optical waveguide device is automatically aligned to said active 

electrooptical device after joining both chips (10, 11; 60, 64; 90, 91) together and fitting said active 
electrooptical device into said corresponding depression. 

14. Optoelectronic module, comprising a composite of two chips (113, 114) on which one or more active 
optoelectronic devices and/or passive optical waveguide devices (115), and/or functional optical 
wavnguide devices, or any combination thereof, are arranged, said composite having alignment means 
rmsisting of male and corresponding female portions, each male portion situated on one of said chips 
(113 or 114) having a corresponding female portion on the other chip (114 or 113), such that the 
devices of said first chip (113) are aligned to the devices of said second chip (114) after joining said 
ch ps (113. 114) together such that the male portions of said alignment means fit into the corresponding 
female portions. 

15. The module of . claim 14, characterized in that said composite is mounted on a mounting base (111) and 
encapsulated in a housing (110). 

30 

16. The module of claim 15, characterized in that said housing (110) has optical interconnection ports (118) 
and or electrical interconnection ports (112.1, 112.2). 

17. The module of claim 14, characterized in that said composite is mounted on a Peltier element for 
35 cooling purposes. 

18. The module of claim 14, characterized in that said composite is thermally connected via a heat transfer 
bridge (116; 122) to a heat sink (110). 
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